++
(4) R. M. ~lburn and w. C. Vosburgh, J. PJR. Chem. Soc. 11, 1352 (1955 .
The work reported here was carr-led out at an ionic strene;th (~-t) of 1.0 ~ where the value of q 1 obtained from Equation (5) Table 1 were calculated from those in column 5 using the 6H+ values which will be discussed under Temperature
Dependence.
-7- mixing.
'· -1 -1 'rhe intercept and alope of Figure The Acid Dependence of k at 25 C and ~ = 1.0.
-10~
Temperature Dependence. Experiments were run covering the temperature range l6°C to }2°C; the results are shown in T•ble 2. Table 2 Temperature Dependence Results (at Total stoichiometric concentration -11-Because of the hydrogen ion dependence of k the runs were made at two acidities. From the data in Table 2 and the first five experiments   of Table 1 , a plot was made of log k/T~ versus l/T9K for the two acidities.
Since the data showed no significant signs of curvature, the best fitting straight lines were drawn. The average deviation from these lines was less then 5' /o. Values of k were taken from this plot at three temperatures corresponding to 1000/T°K = ).28, 3.36, and ).44, and from these were calculated values of k 1 and k 2 at these three temperatures. -13- A comparison of the kinetic parameters of the chloride and thiocyanate 1 reactions in Table 5 is instructive. It is to be noted that the relative values of k 1 follow the stabilities of the complexes rather than the prediction from electrostatics. The more stable and therefore more strongly bonded thiocyanate complex forills more rapidly than the chloride complex. On an electrostatic model, the thiocyanate ion would be expected to be attracted less strongly than chloride ion since the charge in SCNis probably spread out through the ion. . The weaker hydration of SeNwould, of course, work in the opposite direction. In contrast to the k 1 values the k 2 values are nearly equal.
-15- Table 3 Comparison -21 + 6 e.u.
2 + 6 e.u. Table 3 . The entropies of activation for the chloride complex decomposition reaction are 11 and 8 e.u. more negative than 8 for the corresponding thiocyanate reaction.
(8) Although these differences are within the limits of uncertainty of the individual entropies, they ere believed to be significant when considered together. ~1e large uncertainty in the individual values arises from the resolution of the rate data into two separate rate constants.
The difference in ionic strength would not be expected to produce this large a change. The explanation lies perhaps in the greater localization of charge on the Cl-than on the SCN-so that the electrostatic effect of separation of charge in the activated complex involving chloride is considerably greater then with thiocyanate.
The smal.l.ness of the entropies of activation would imply that the solvent is considerably oriented in the activated complex in restricted configurations conducive to the separation of the ions. paramagnetic ions. Ferric ion produced a very large broadening effect, whereas chromic ion at the same concentration produced no observable broadening. Since chromic chloride complexes form and dissociate only very slowly, it is inferred from the above results that the rapid relaxation caused by ferric ion must be occurring almost entirely in the first coordination sphere. One can then deduce that the relaxation rate of the chlorine nucleus is equal to or less than the rate at which chloride ion enters the first coordination sphere of ferric ion.
The broadening of the full width between maxima on the derivative of the absorption curve of c1 35 in j.O ~ sodium chloride containing 0.1 ~ ferric ion was measured to be Av = 1.4 x 10 3 sec-l at 96o0 gauss. Using 10 the expression
(10) N. Bloembergen, W. w. Hansen and M. Packard, Phys. Rev. 70, 474 (1946 • Under these conditions it seems reasonable to hypothesize that the principal mechanism for entry of chloride ions into the first coordination sphere of the iron will be: In the spectrophotometric study the following rate constants were measured in the reactants but rather by the presence of gas pockets trapped on the mixer surfaces. Two types of experiments were carried out to demonstrate this effect. First, outgassed solutions were put into the dried mixer by gravitational flow, the mixer being at one atmosphere pressure. When fired, extreme bubble formation was observed, indicating that wall effects were very important. The next step was to attempt the elimination of such effects by filling the mixer under vacuum with previously outgassed solutions, i.e., by the normal filling operation used in the kinetic studies. This mode of filling is known to eliminate bubble formation.
Once the mixer was filled, water saturated with air was forced in at the bottom of the mixer, displacing the outgassed water which was taken out at the top of the mixer. Care was taken that no bubbles entered the mixer.
The introduction of air-saturated water was continued until several times the volume of the mixer had been displaced at the top. The bulk of the water inside the mixer was now air-saturated and no bubbles had been introduced. When the mixer was fired no bubble formation was observed, thereby demonstrating that bubble formation is not due to dissolved gases.
This result does not immediately show a new method for av·oiding bubble formation. The filling :process described in the experiment above is not practical and in actual kinetic runs it seems probable that vacuum filling with outgassed solutions will continue to be used. It might be possible to coat the walls in such a way as to eliminate bubble trapping.
. . A portion of the removed sample was analyzed for total Fe(Ill)
by adding excess sodium thiocyanate and observing the spectrum. 1
From the known total Fe(III) and the known initial concentration in the ferric solution a mixing ratio was calculated, and in turn the Table 4 were obtained. The measurements were made on a Beckman Model DU spectrophotometer with a thermostated cell holder, using quartz cells. The temperature in the cell was held constant to ! 0.1°C over a temperature range from The data fall on a stre.ight line, the slope of which 3ives &~1 = 6.0 ! 0.1 kcal/mole.
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